Based on the coauthorship networks of the Norwegian School of Economics (NHH) and the BI Norwegian Business School we present a comparative analysis in terms of structures, collaborations and publications 
INTRODUCTION
Social networks analysis (SNA) is a powerful tool for analyzing the interpersonal relations and different types of cooperation between a variety of social groups such as research or business communities, governmental or private institutions, etc. The uniqueness of SNA is its interdisciplinary approach that combines sociology, graph theory, mathematics, psychology, etc. (Knoke & Yang 2008) . In contrast to pure network analysis, SNA is not concerned only with structural measurement, but also takes into consideration the multifactorial social aspects of relations (Carrington, Scott, & Wasserman 2005) .
In this study we compare the NHH and the BI social networks on the basis of the coauthorship relations between the faculty members. The resulting coauthorship networks are constructed based on the information retrieved from the ISI Web of Science as of March -April, 2014 (ISI Web of Science 2014 . The ISI Web of Science provides an online scientific citation indexing service of the The complex coauthorship relations are displayed in graphical and tabular formats. These displays enable user-friendly analysis of the research results. We feel that this analysis is important because it will permit research departments at the NHH and BI to develop strategies to improve organizational performance and policy interventions.
The detailed description of the existing research networks is basic knowledge that is required for planning future social relations in order to improve research collaborations within the departments and between the departments.
Coauthorship structure affects substantive outcomes of the research communities and reflects directly the scholarly impact (Biscaro & Giupponi, 2014) . Therefore, by building a clear picture of the coauthorship framework we aim to simplify the procedure for estimating the scholarly effectiveness of the faculty members at the NHH and BI.
The coauthorship networks are characterized by strong and weak components and chains of multi-interest research relations. By analyzing these components we show which faculty members are attached to the corresponding research groups. Analyzing different types of network sub-structures, such as cliques and spanning trees, we detect which network components/members are critical in order to preserve structural integrity, and which network parts should be strengthened. Based on the coauthorship network analysis we get the "sense of interdependence: a molecular rather atomistic view" (Laghos & Zaphiris, 2005) .
THE INTERDEPARTMENTAL COAUTHORSHIP NETWORKS NHH network
There are 24 out of 156 faculty members at NHH who are involved in interdepartmental collaboration: ten -from the Department of Business and Management Science; seven -from the Department of Economics; two -from the Department of Strategy and Management; one -from the Department of Finance; four -from the Department of Accounting, Auditing and Law (see Table 1 ).
The overall NHH interdepartmental network that includes 156 faculty members is represented in Figure 1 . It is characterized by 85 edges, where 67 edges are internal (i.e., departmental) and 18 -are interdepartmental. This article is downloaded from www.idunn.no. Any reproduction or systematic distribution in any form is forbidden without clarification from the copyright holder.
The NHH interdepartmental coauthorship network represented in Figure 1 reflects the structure as of Spring, 2014. However, it is important to note that some faculty members have not belonged to the corresponding departments constantly over time. Analyzing the interdepartmental coauthorship we detected the movements of faculty members from one department to another.
In 2013, the Department of Finance and Management Science was split into two departments: the Department of Business and Management Science and the Department of Finance. Therefore, the nodes "node 18", "node 33" and "node 122" that form the interdepartmental coauthorship relations (i.e., links "node 33 -node 122" and "node 18 -node 122") were initially related to the same department.
"Node 2", "node 9", and "node 26", that form the powerful interdepartmental links, have been previously affiliated with the Department of Economics. This is due to the fact that they did their PhD degrees in the Department of Economics and then moved to work to the Department of Finance and Management Science; and then -to the Department of Business and Management Science that was formed based on the splitting of the Department of Finance and Management Science.
This article is downloaded from www.idunn.no. Any reproduction or systematic distribution in any form is forbidden without clarification from the copyright holder. This article is downloaded from www.idunn.no. Any reproduction or systematic distribution in any form is forbidden without clarification from the copyright holder.
BI network
There are 27 out of 252 BI faculty member who are involved in the interdepartmental collaboration: nine -from the Department of Leadership and Organizational Behaviour; eight -from the Department of Strategy and Logistics; threefrom the Department of Communication and Culture; three -from the Department of Innovation and Economic Organization; one -from the Department of Economics, and one -from the Department of Marketing (see Table 2 ).
The overall BI interdepartmental network that includes 252 faculty members is represented in Figure 2 . It is characterized by 71 edges, where 52 edges are internal (i.e., departmental) and 19 -are interdepartmental.
As well as in the NHH coauthorship network, some BI faculty members have not belonged to the corresponding departments constantly over time
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. Analyzing the BI interdepartmental links we have detected that "node 245" was initially doing a PhD in the Department of Leadership and Organizational Behaviour, and then moved to work to the Department of Strategy and Logistics. "Node 138" worked in the Department of Marketing, but then moved to the Department of Innovation and Economic Organization.
THE ANALYSIS OF CLIQUES
A group of people that is interconnected by socially strong relations form a clique (Luce & Perry 1949) . In terms of graph theory, every pair of persons in the group forming the clique has to be connected by an edge. Specifically, in terms of research collaboration, the faculty members form cliques if each of them has published a joint scientific paper(s) with all other clique members.
Motivation
Clique detection is an important step in networks clustering for information retrieval. In the context of the given research, we are looking for groups of faculty members that are closely related to each other. In terms of this paper, we are looking for the k-cliques (with k ≥ 3) in the coauthorship networks within the departmental and interdepartmental collaborations, where k is the number of faculty members forming the clique. The transdepartmental cliques are considered as the cliques where k ≥ 3 and at least two clique members are the members of different departments.
NHH cliques

NHH departmental cliques
The maximum clique is detected in the Department of Business & Management Science. It consists of five faculty members: 1. node 1; 2. node 14; 3. node 22; 4. node 25; 5. node 30.
The second largest clique (k = 4) within the given department contains four faculty members: 1. node 16; 2. node 24; 3. node 25; 4. node 27.
This article is downloaded from www.idunn.no. Any reproduction or systematic distribution in any form is forbidden without clarification from the copyright holder.
The core clique-based structure of the Department of Business & Management Science consists of three cliques interconnected by two hubs: node 25 and node 14. This is illustrated in Figure 3 . The second four-node clique is detected in the Department of Economics and it consists of four faculty members: 1. node 34; 2. node 45; 3. node 69; 4. node 73. This article is downloaded from www.idunn.no. Any reproduction or systematic distribution in any form is forbidden without clarification from the copyright holder.
The cliques' interconnection is represented in Figure 5 . According to the given representation it is clear that there are two large subcomponents (i.e., Component 1 and Component 2) connected by the only edge "node 65 -node 69". Obviously, the role of this edge is critical due to its "bottleneck" nature. The breakdown of this edge would lead to the disconnection of the two largest clique-based sub-graphs (i.e., Component 1 and Component 2). The third four-node clique is detected in the Department of Strategy and Management. It consists of the following faculty members: 1. node 78; 2. node 98; 3. node 109; 4. node 111.
In addition, there are two three-vertex cliques within the Department of Strategy and Management:
The core clique-based structure of the Department of Strategy and Management consists of three cliques. The first three-vertex Clique 1 is interconnected with the four-node clique by the participation of two faculty members (i.e., node 109 and node 78) in both cliques. It forms Component 1. The second three-vertex clique (i.e., Clique 2) forms Component 2. Both components are connected by the only hub-node "node 94" that has publications with the members of both clique-based components. The overall clique-based structure for the department is represented in Figure 6 . This article is downloaded from www.idunn.no. Any reproduction or systematic distribution in any form is forbidden without clarification from the copyright holder. 
NHH trans-departmental cliques
The maximum trans-departmental cliques are detected within three departments: 1. Department of Economics; 2. Department of Business and Management Science; and 3. Department of Accounting, Auditing and Law.
The maximum trans-departmental clique have the size of k = 4. There are seven three-vertex cliques that are split into three graphs (see Figure 7 ). This article is downloaded from www.idunn.no. Any reproduction or systematic distribution in any form is forbidden without clarification from the copyright holder.
The first graph consists of five faculty members forming three cliques within the Department of Economics and the Department of Business and Management Science: 1. "node 53" -"node 26" -"node 9"; 2. "node 53" -"node 9" -"node 70"; 3. "node 70" -"node 9" -"node 67".
The second graph consists of four faculty members (within the Department of Economics and the Department of Business and Management Science) forming three interdepartmental cliques: 1. "node 68" -"node 14" -"node 1"; 2. "node 68" -"node 1" -"node 30"; 3. "node 68" -"node 14" -"node 30".
The third graph includes three faculty members forming one three-vertex clique within the Department of Business and Management Science and the Department of Accounting, Auditing and Law: "node 10" -"node 29" -"node 137".
BI cliques
BI departmental cliques
The largest clique in the BI network has size k = 4 and can be found in the marketing department. There are seven cliques of size k = 3, which are represented within three departments out of eight: 
BI inter-departmental cliques
There are three trans-departmental cliques detected in the BI coauthorship network (see Figure 9 ). The maximum trans-departmental clique consists of five faculty members: "node 168", "node 175", "node 187", "node 224", and "node 242". This is detected within two departments: 1. Department of Leadership and Organizational Behaviour; 2. Department Strategy and Logistics.
The second and third trans-departmental cliques are detected within the following departments: 1. Department of Leadership and Organizational Behaviour; 2. Department of Communication and Culture.
Specifically, there are two three-vertex cliques that contain the following faculty members: 1. "node 66" -"node 162" -"node 179"; 2. "node 66" -"node 162" -"node 171";
It is important to note the maximum clique is interconnected with the three-vertex cliques by the only hub "node 181" (see Figure 9) . Obviously, the role of this hub is critical due to its "bottleneck" nature. The deletion of this node would lead to the disconnection of the two largest clique-based trans-departmental sub-graphs.
Comparing two schools based on clique formation it is interesting to note that the maximum clique in the NHH is formed within one department, whereas the maximum clique in the BI network contains faculty members from two departments. It also interesting to note that in both schools there are departments with little or no cooperation with other departments in terms of coauthorship.
SPANNING TREES AND SPANNING FORESTS
We analyze the departmental and interdepartmental coauthorship networks in order to detect the trans-departmental spanning trees and forests. A spanning tree is the minimal set of the network's edges (i.e., links) that connect the maximal number of nodes (i.e., faculty members) with no cycles (Cormen, Leiserson, Rivest, & Stein 2003) . Due to the fact that NHH and BI coauthorship networks are represented by the set of disconnected graphs, we are looking for the sets of spanning trees of disconnected components, which are called spanning forests (Bollobás 1998) . A trans-departmental spanning forest is the set of interdepartmental spanning trees where at least one edge in each of these trees connects the faculty members from different departments.
Motivation
By analyzing cliques in Section 3 we detected groups of the most strongly connected faculty members in terms of coauthorship. However, in detecting the spanning trees and forests we are looking for the overall affiliation of faculty members with research communities. The spanning forest's structure ignores detailed interpersonal relations due to the requirement to avoid cycles, but it shows the spread of different research interests over the NHH and BI coauthorship networks. Faculty members in the spanning trees might have different research interests but still have common publications. It helps to detect the common points of research interests in the variety of scientific methods, tools and even paradigms that faculty members are following. Therefore, spanning trees and forests identify persons with a strong potential for multidisciplinary research. It helps to detect the most active faculty members who are prospectively able to build up cliques and make an influential scientific impact.
We analyze the spanning forests for each department separately, and then we build the spanning forest for the interdepartmental relations. Figure 13: The third largest spanning tree in the NHH trans-departmental forest. This article is downloaded from www.idunn.no. Any reproduction or systematic distribution in any form is forbidden without clarification from the copyright holder.
The fourth (the smallest) spanning tree consists of four faculty members: node 10 and node 29 -from the Department of Business and Management Science; node 129 and node 137 -from the Department of Accounting, Auditing and Law. The structure of the given spanning tree is represented in Figure 14 . 
BI trans-departmental spanning forest
The overall trans-departmental spanning forest is formed based on the coauthorship network of seven departments:
This article is downloaded from www.idunn.no. Any reproduction or systematic distribution in any form is forbidden without clarification from the copyright holder. According to Figure 15 , the spanning forest consists of six spanning trees.
The maximal spanning tree (see Figure 16 ) covers four departments and includes 28 faculty members listed in Table 6 .
The second largest spanning tree consists of seven faculty member from two departments (see Table 7 ):
The spanning tree that corresponds to Table 7 is represented in Figure 17 . The third largest spanning tree (see Figure 18 ) is based on the coauthorship relations between the Department of Accounting, Auditing and Law ("node 11" and "node 43"), the Department of Innovation and Economic Organization ("node 148"), and the Department of Leadership and Organizational Behaviour ("node 154"). This article is downloaded from www.idunn.no. Any reproduction or systematic distribution in any form is forbidden without clarification from the copyright holder.
The fourth, fifth and sixth spanning trees are two-vertex trans-departmental connections represented in Figure 19 . Notable is that the largest spanning tree in the BI spanning forest contains more faculty members (28 members) than the maximal spanning tree of the NHH spanning forest (21 members). Nevertheless, the NHH spanning forest is larger (specifically, 57 out of 156 members) than BI's, which contains only 45 out of 252 members.
INTERNATIONAL COAUTHORSHIP
In this section, we analyze the existing international coauthorship (based on the ISI Web of Science) that covers all countries except Norway. We investigate how many faculty members in NHH and BI coauthorship networks should be deleted in order for the international coauthorship to vanish. To approach this goal, we sort the faculty members by their number of international coauthorships (i.e., by the number of co-authors from non-Norwegian institutions) in descending order. Then, we delete them from the list one by one until the international coauthorship vanishes.
Motivation
NHH and BI are developing strategic plans to become internationally recognized research institutions among leading business schools in Europe and at the top level in selected areas. Internationally recognized publications are one of the most important factors rating research institutions in terms of their scientific impact. Detecting the faculty members with international coauthorship, we show their contribution to the strengthening of institutional ratings. This is important for understanding weak and strong components in the research communities. Consequently, the retrieved information can be used for the analysis and development of new policies to stimulate research collaborations on an international level and, as a result, to improve the institutional ratings.
We represent the results in tabular format in Appendix A and Appendix B where we provide the following information:
-"number of coauthorship" is the number of international co-authors for the corresponding faculty member; -"overall after exclusion" is the number of the overall international coauthorships left after excluding the current author and authors excluded earlier in the sorted list. -"% out of overall coauthorship" is the percentage of the faculty member's contribution out of the overall NHH international coauthorships. -"Overall % after exclusion" is the overall percentage of international coauthorships after excluding the current author and authors excluded earlier in the sorted list.
The graphical representation is given in Figures 20-21 .
The number of the overall international co-authors at NHH is equal to 793 in relation to 156 faculty members. The sorted list of faculty members is represented in Appendix A. The deletion of 92 of 156 (approximately, 59% of 100%) faculty members will lead to international coauthorship disappearing.
It is important to note that the deletion of 11 of 156 faculty members (i.e., approx. 7% of 100%) will lead to almost a 50% reduction of the departmental international coauthorship. The given results (in percentage terms) are represented in Figure 20 . On average, NHH is characterized by 5.08 international co-authors per faculty member.
Regarding the BI international co-authors, there are 1003 international co-authors that were detected in relation to 252 faculty members. The sorted list of faculty members is represented in Table 21 . The deletion of 102 of 252 (approximately, 40% of 100%) faculty members will lead to international coauthorship disappearing. It is important to note that the deletion of 11 of 252 faculty members (i.e., approx. 4% of 100%) will lead to almost 50% reduction of the BI international coauthorship.The given results (in percentage terms) are represented in Figure 21 . On average, BI is characterized by 3.98 international co-authors per faculty member.
For both schools, relatively few faculty members form the core of the school international cooperation in form of coauthorship.
THE PUBLICATIONS-BASED ANALYSIS
In this section, we analyze the research activity of the NHH and BI faculty members in terms of the publications indexed by the ISI Web of Science. Initially, we extracted the faculty members that have at least 20 publications and sorted them in descending order. Next, we started to delete faculty members from the sorted lists one by one in order to track the overall research contribution of the most published faculty members.
Motivation
As it was mentioned in section 5, publishing is one of the most important factors rating research institutions in terms of their scientific impact. Considering not only international but also national publications, we show the level of contribution that each faculty member is doing in order to improve the overall institutional scientific impact and, consequently, the rating of the corresponding institution (i.e., NHH or BI).
The results for NHH are represented in Table 8 and in Figure 22 , and for BIin Table 9 and in Figure 23 .
This article is downloaded from www.idunn.no. Any reproduction or systematic distribution in any form is forbidden without clarification from the copyright holder. This article is downloaded from www.idunn.no. Any reproduction or systematic distribution in any form is forbidden without clarification from the copyright holder. Moreover, it is remarkable that only a few faculty members generate the majority of international publications in both schools.
CONCLUSION
In this article we have analyzed NHH and BI coauthorship networks based on the information retrieved from ISI Web of Science. We have covered the publications in the period 1950 -Spring, 2014 for the current faculty members. The results were represented in tabular and graphical formats. The diversified representation of the overall coauthorship was combined with the information regarding the number of publications by each faculty member.
Next, we analyzed the strongly connected research groups (i.e., cliques) on the interdepartmental level. The importance of this analysis is based on the necessity of detection and clear representation of the research groups and their interactions between each other. The analysis of spanning trees and forests helped to visualize the spread of the research interests by faculty members from different departments over the whole NHH and BI coauthorship networks. In fact, we draw a clear picture of how faculty members from different departments are connected to each other in diversified "chains" of varying research interests.
We have analyzed the international coauthorship for NHH and BI researchers without splitting the faculty members according to their departments' affiliations. Based on this analysis, we made the representation of the faculty members' international relations (based on the ISI Web of Science). Also, it helped to detect the groups of faculty members that make the most contribution to the international research collaboration.
Finally, we analyzed the research activity of NHH and BI faculty members based on the number of publications registered in ISI Web of Science.
It is important to note that the results regarding the publications counted in the given research were retrieved in different periods of Spring, 2014. This is due to the fact that the process of extracting, filtering and systemizing the required information is time consuming. Therefore, we would like to specify that the retrieved information could be updated and changed since its last extraction. The detailed information in tabular format is available upon request. Also, we would like to point out that the centralities analysis is left to the reader depending on specific interests.
We assume that the given research might be helpful for an understanding of what is done by NHH and BI faculty members in terms of scientific research. However, since we have used only one source, ISI Web of Science, the analysis should be complemented by the use of other sources such as SCOPUS and Google Scholar to get a more complete view of the scientific research activities of NHH and BI faculty members. In order to make such an analysis doable all faculty members must be registered in Google Scholar with an open profile. In order to use an analysis of this type as a tool for the further planning of research activities and as a tool for strategic development, the registrations of research activities should be updated on a regular basis.
APPENDIX A: OVERALL INTERNATIONAL COATHORSHIP BY FACULTY MEMBERS AT NHH
